Purpose: Prolonged seizures can cause severe harm and even death. For seizures lasting longer than 5 min, an administration of rescue medication is therefore recommended. Caregivers such as preschool teachers should be able to administer correctly anticonvulsive rescue medication to children. Methods: A training concept for preschool teachers on seizure management focussing on practical skills was developed. To assess the success of the training, a structured interview on attitudes relating to rescue medication administration was conducted. The number of committed errors during administration of a rectal/buccal rescue medication to dummy dolls was compared before and after training. Results: 210 teachers from 115 preschools participated while all teachers from 303 preschools had been invited. The self-reported level of confidence in their own skills to administer anticonvulsive rescue medication increased from 5 to 8 on a scale from 1 to 10 (p < 0.001). The number of participants who agreed to administer rescue medication rose from 195/210 (92.8%) before training to 209/210 (99.5%, p < 0.001) after training for the rectal route, and from 173/210 (82.4%) to 209/210 (99.5%, p < 0.001) for the buccal route. For teachers who administered rescue medication before and after training, the number of administrations without any administration errors rose from 1/195 (0.5%) to 117/195 (60.0%, p < 0.001) for the rectal route, and from 13/173 (7.5%) to 95/173 (54.9%, p < 0.001) for the buccal route. Conclusion: A training for preschool teachers boosted the level of self-confidence relating to administration of anticonvulsive rescue medication. Teachers also committed fewer errors when administering rescue medication to dummy dolls.
Introduction
Prolonged seizures in children can produce fatal outcomes [1] [2] [3] [4] [5] . The administration of rescue medication in seizures that last longer than 5 min can prevent prolonged seizures. If a rescue medication is administered within the first 15 min of a seizure, the chance of successful termination of the seizure stands at 97%, which falls to 57% if rescue medication is administered any later [6, 7] . In patients with acute repetitive seizures, an early administration of anticonvulsive rescue medication can reduce seizure frequency [8] . Furthermore, the early administration of rescue medication results in the reduction of the number of hospital admissions [9] . Many seizures occur away from home. One out of six emergency calls in schools relates to a seizure [10] . In those cases, caregivers other than parents, such as (pre)school teachers, are first responders [11, 12] . This is why persons caring for children with epilepsy should have regular access to an appropriate rescue medication. In order to improve levels of safety for children with epilepsy, however, the entire medication process has to be considered. This process does not end with an appropriate prescription and the availability of the medication but has to be continued up to an appropriate drug administration. To this end, all relevant caregivers should be trained on the appropriate administration of rescue medication [13] . In a previous study, (pre)school teachers expressed uncertainty relating to emergency situations, especially those resulting in the administration of rescue medication [14] . We thus developed a training concept for preschool teachers focussing on practical administration of anticonvulsive rescue medication.
Material and methods

Setting
All 303 preschools in Leipzig, a city with 570,000 inhabitants in Saxony/Germany, were invited to take part in the study. In Germany, preschools supervise children 6 years and are also responsible for supervision of pupils usually up to 10 years of age in the afternoon. The full study was approved ahead of time by the Youth Welfare Office of Leipzig. No ethic approval was requested due to the non-involvement of either patients or healthy children.
Study design
We provided preschool teachers with training that addressed practical skills in the administration of rescue medication in children with epilepsy. Training took place in each of the participating preschools. In each training, 1-2 participants were selected by chance out of the attending preschool teachers and invited to take part in the assessment of their practical skills. For this purpose, the selected participants were asked to administer rectal diazepam and buccal midazolam to dummy dolls prior to and following the training. We also interviewed the selected participants with regards to their attitudes concerning the administration of anticonvulsive rescue medication. An expert panel of neuropaediatricians and clinical pharmacists developed a training concept consisting of a standardised presentation assisted by digital slides focussing on seizure management and a correct presentation of practical administration of rectal and buccal rescue medication. In addition to introducing issues relating to the disease (i.e. pathomechanism and symptoms), we explained how to handle an acute seizure and how to administer rescue medication correctly. For the latter, the following issues were addressed:
-the importance of prompt rescue medication administration, -the appropriate route of drug administration, -the mode of drug action, -the construction of the drug devices (rectal tube and buccal syringe), and -the correct handling of the drug devices.
The training was performed as a group session and lasted for forty minutes. After completing the training course, participants received a handout that provides guidelines for the emergency management of a seizure. We conducted short, structured interviews which also featured questions about attitudes towards and fears relating to the administration of rescue medication. The interviews were performed individually with each participant. For questions relating to the level of self-confidence in one's own skills, we used a scale ranging from 1 (no confidence) to 10 (highest amount of confidence).
Practical performance by administration to dummy dolls .
We used dummy dolls as assessment instruments along the lines previously described by Kaune, Schumacher et al. [15] . This allowed us to assess the practical performance of individual participants in the administration of rescue medication before and after the training independently from other participants. The administration was observed by an experienced pharmacist (who always was one and the same person). A prepared doll was used for administration of a rectal tube, as was an artificial mouth reproduction for administration of a buccal syringe. To facilitate data assessment during the limited time frame before and after the training, we adjusted the dummy doll protocol as described by Kaune, Schumacher et al. [15] by focussing on basic application steps of the administration of rescue medication. As a result, in our setting, 5 potential handling errors were investigated for rectal administration and 3 for buccal administration. The severity of the handling error had been rated from 1 (lowest) to 6 (highest) risk by an expert panel [15] .
Statistics
Statistical analysis was conducted using IBM SPSS Statistics 
Results
Characteristics of participants and of the setting
In 115 preschools, 210 teachers agreed to take part in the study. From those, 181 (86.2%) were female preschool teachers, 29 (13.8%) male. They had a median work experience of 9 (Q25/75 3/26) years. 49/210 (23.3%) of preschool teachers took care of children with epilepsy at the time of study, 70/210 (33.3%) at any time of their work life. Regardless of this fact, 70/210 (33.3%) participants had familiarised themselves with the administration process of rescue medication previously. 33 (47.1%) of those 70 teachers who previously had taken care of children with epilepsy had familiarised themselves with this issue.
Attitudes towards the administration of rescue medication
The self-reported level of confidence of preschool teachers in their own skills to administer anticonvulsive rescue medication rose from 5 (Q25/75 3/7) prior to the training to 8 (Q25/75 7/9) after the completion of the training (see Fig. 1 ). Prior to the training, preschool teachers who had previously familiarised themselves with the administration of rescue medication felt more confident [6 (Q25/75 5/8)] than participants who had not [5 (Q25/75 3/6), p < 0.001]. After the training, there were no significant differences between the two groups of participants.
The number of participants who expressed no fears relating to the administration of rescue medication increased from 36/210 (17.1%) prior to the training to 85/210 (40.5%, p < 0.001) after the completion of the training (for details, see Fig. 2 ). As with regards to the existence of fears, we did not find significant differences between preschool teachers who had previously familiarised themselves with the administration of rescue medication and those who had not.
The number of participants who agreed to administer a rescue medication to dummy dolls rose from 195/210 (92.9%) before training to 209/210 (99.5%, p < 0.001) after training for the rectal route, and from 173/210 (82.4%) to 209/210 (99.5%, p < 0.001) for the buccal route.
Error rate during administration of rescue medication to dummy dolls
Among preschool teachers who administered rescue medications both prior to and following the training, the number of administrations without any administration error rose from 1/195 (0.5%) to 117/195 (60.0%, p < 0.001) for the rectal route, and from 13/173 (7.5%) to 95/173 (54.9%, p < 0.001) for the buccal route.
The number of administration errors made per participant decreased from a median of 2 (Q25/75 2/2) before the training to 0 (Q25/75 0/1; p < 0.001) for the rectal route (for details, see A ) and from a median of 2 (Q25/75 1/2) to 0 (Q25/75 0/1, p < 0.001) for the buccal route (for details, see B).
Participants who had previously familiarised themselves with the appropriate administration of rescue medication committed fewer administration errors [1 (Q25/75 1/2)] for the buccal route before the training than participants who had not done so [2 (Q25/75 1/2), p < 0.05]. There were no differences in the number of administration errors between both groups of participants for the rectal route before and after training, and for the buccal route after training.
Discussion
We developed a training concept on seizure management that succeeded in raising the levels of confidence of preschool teachers in their own skills and reducing their fears of errors in administrating rescue medication. The training programme also succeeded in reducing the number of committed administration errors, which means a practical contribution to the inclusion and care of preschool children with epilepsy. In preventing the development of status epilepticus, it is of pivotal importance to act early and effectively through the administration of rescue medication within the first 15 min of a seizure [6] .
As the most encouraging result of our study, after the completion of their training, teachers reported a lesser degree of fears and a higher level of confidence in their own practical skills to administer rescue medication. Confidence in their own skills is a fundamental requirement needed to enable teachers to take measures in a seizure emergency, as the early administration of rescue medication prevents prolonged, uncontrollable seizures [6, 7] . Thus, training should particularly focus on improving the levels of self-confidence of participants. What is more, selfconfidence must rely on practical skills which were acquired in our training. Fig. 1 . Self-reported levels of confidence of preschool teachers (n = 210) in their own skills at administering epilepsy rescue medication (Scale: 1-no confidence to 10-highest amount of confidence) before and after training (*: p < 0.001; box margins describe the 25, 50, 75th percentile, whiskers the 1.5 interquartile range, and dots the outliers). In general, fears about the administration of rescue medication decreased after the completion of our training course. Yet more than half of participants still expressed fears. The fears of an onset of adverse drug events, of picking a wrong administration time, and of legal repercussions did not decrease after the training. Adverse drug events might occur and are reported by parents, even though they are rare [9] . The potential adverse drug events and their management should be addressed in the training to reduce fears. The fears about the wrong administration time should diminish by a priori displayed care plan [9, 16] . This care plan should specify the correct time of administration and identify a defined storage place of rescue medication to avoid hesitation. To reduce fears of legal repercussions, a clear legal framework has to be established to protect teachers acting in an emergency [12] [13] [14] 17, 18] .
As dummy dolls enable us to observe the administration of rescue medication of caregivers without exposing medication to a real patient, they have been proven to be a valuable tool in assessing caregivers' skills in the administration of rescue medication [15] . Furthermore, according to former studies, the completion of training might be able to address the lack of confidence that could detain caregivers from administering rescue medication [13] . After the training, almost all preschool teachers agreed to administer a rectal or buccal rescue medication to dummy dolls. By contrast, before the training a considerable number of preschool teachers categorically refused even to touch the medication. This is suggestive of teachers' enhanced willingness to administer rescue medication, which is likely to prevent severe harm in children suffering from epilepsy.
After the training, participants improved their practical performance in the administration of rescue medication. The number of administration errors, however, did not decrease to zero. To reach such an aim, a more intensive course (if possible with only one or very few participant(s) per trainer) that involved direct feedback to participants while administering their rescue medication would be necessary. Earlier studies have shown that training and counselling should be interactive with direct feedback and should be repeated regularly [15, [19] [20] [21] . There is hence scope to improve training offered to teachers further.
As rated by the expert panel in [15] , rectal administration of rescue medication is more prone to possible administration errors than buccal administration. In rectal administration, more issues have to be considered such as the appropriate body position, keeping the rectal tube pressed together while pulling out, or pressing buttocks together after administration to prevent loss of drug. This might explain why caregivers prefer the buccal route for administration of rescue medication [22] , in addition to the fact that buccal administration of a drug, particularly to a stranger in public, is more socially acceptable [23] . However, as the buccal route is a new unfamiliar route of administration, more repetition is needed to improve caregivers' abilities in buccal drug administration.
Before the training, preschool teachers who had previously familiarised themselves with handling rescue medication committed fewer handling errors in the administration of buccal rescue medication than teachers who had not familiarised themselves before. After the training, this disparity disappeared, i.e. the training equalized the teachers' skills in rescue medication administration in line. The same kind of training therefore is suitable for teachers with preexisting differing levels of knowledge and experience. This way, training can be effectively organised and should be included in first-aid trainings. It also ensures that all teachers taking care of children with epilepsy are familiar with the administration of rescue medication. Training should be regularly repeated to maintain a high standard in the teachers' team. Including the presented short training in first-aid programmes, offers a good opportunity to reach this aim. Regular repetitions of training should be mandated and evidence-based guidelines for interventions should be established to improve the emergency management [11, 21, 24] .
Limitations
Our study has some limitations. The training was performed in an artificial setting and without real patients and real emergency situations. Therefore, any conclusion that an improved willingness to administer rescue medications to dummy dolls will lead to an improved willingness to administer the medication to real patients Table 1 Frequency of predefined handling errors during (A) the administration of a rectal tube and (B) the administration of an oral syringe; descriptions of potential handling errors and expert ratings of clinical risks have been adjusted from Kaune, Schumacher et al. [15] . has to be tentative. The improved willingness to administer a rescue medication after the training when participants had got in touch with their trainers might be also partly explained by social desirability. Moreover, the dummy doll protocol described by Kaune, Schumacher et al. [15] has been adjusted to error assessment of basic application steps whereby a further detailed conclusion about manual application problems cannot be drawn. The effect of the study was measured directly after the study, no long-term follow-up was performed.
Conclusion
A training concept for preschool teachers improved their level of self-confidence and their ability to administer an anticonvulsive rescue medication and therefore enhances the safety of children with epilepsy in preschools.
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